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Aircraft Control Using Engine Thrust 
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1972: DC- 10 American Airlines 
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May 1974: USAF B-52H 
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April 1975 : USAF C- 5 A 
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1981: USAF B-52G 
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August 1985: JAL 123 B-747 
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JAL 123 Survivor Story 
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JAL 123 Investigation Findings 
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July 1989: UAL 232 DC-10 
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Eastwind 517 B-737 
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Historically, TOC has saved lives 


C/3 

CJ 


Lr 


C/3 

CJ 

a 

2 

o» 

CJ 

o 

f-H 

a 

u 

o 

H 

CJ 

■M 1 

cd 


S £ 
,pH £ 

o ^ 

£ dd 

■M CJ 

u oj u 
> >> cd 


cd 


cj 


o 

pC 

C/3 


a 

cd 


2 

Th 

o 


0 J 

f-H 

2 

dd 

aj 

u 

o 

5h 

a 

>> 

CJ 

aj 
bJD 
5— i 
0 J 


aj 

sd 

cd 

<4-1 

o 

■I— 1 

S-H 

cd 

a 

C/3 

u 

fH 

cj 

J-H 


C/3 


C/3 

O) 

fH 

3 


cd 


O cd 
a „ 

6 £ 
SI 

<4-1 

cd CJ 

fH > 
CJ -a 
a </) 


Cd 


OJ 


a 

a 

o 

a 

a 


o ^ 
<u 


C/3 CXI 

cd ro 


CM 

hJ 

cd 


CJ 

o 

a 


2 m 

CJ CM 

f-H ,— | 

^ i 3 
a ^ 

o , 
u 


cj 

OJ 

a 

C/3 

-FH cd 
Td a 

CJ OJ 

£S Td 
a; a; 

o 

Oh 


a j 

Jh 

o 

s 


3 

>> 

CJ 

id 

cd 

id 

id 

3 

id 

CJ 

J-l 

aj 

f-H 

o 


O 

H 

aj 

N 

■a 

bC 

O 

CJ 

OJ 

S-H 

o 

4 —> 

OJ 

£ 

-M 

cd 

■i-H 

-M 

■a 

■i-H 

0 

■M 

PQ 

1 


CJ 

O £ 
a O 

a a 

o x 

CJ OJ 

o o 

4-J 

s a 

CJ OJ 
a ^ 
CJ h 


CM 

m 

CM 


bJO O 

£ £ 
^ a 

o 

^ O) u 

^ c cj 
an bd 

o Q JS 

C/3 <J S 

c/d (y-j O 

oj zJ a 

w £ Cd 

2 cd g 
dj ^ an 
> a c/3 

'5 5 S 

cd a cd 

.2 S 


o 

CM 


July 26 2006 AirVenture, Oshkosh 2006 


Automated Throttle s-Only Control 


Li 



cu 

o 

S-H 

■M 

O 

u 

Id 

-M 

■i-H 

bJO 

■i-H 

Q 


C/3 

o 

03 be 


C/3 

CU 

£ 


03 


£ 


0 > 

S el 

'H C/3 

O OJ 

a 

<3-> "So 

■m rr 
cd W 

Cj <L> 

n ^ 
O -M 

^ o 

<v +-» 

3 ^ 

'a! 3 

CO -M 

P o 

Ph -m 


be 

.3 ** 
£ £ 
* 5 

<£ ■£ 

cd 

a > 

■a ■» 

cd ^2 


QJ 


O 

£— I 

■M 

a 

o 

CJ 


C/3 

cd 

cu u 

zd o> 


o 

fH 


o 

f-H 

a 


3 

ft. 

g 

a. 

>> 

K 

© 


3 

8 < 

ga 

■ i-H 

C/3 A-> 
r — ! <4-1 
3 Cd ^ 

a h a 

i-H .a o 

a cd ra 


CM 


CD 

O 

O 

CM 


C/3 


O 

C/3 


o 


oj 

Jh 

■M 

a 

aj 

> 

Jh 

■rH 

< 


co 

o 

o 

rj 


CD 

CM 



Li 


PC A Project 


Li 


4—> 

cd 


£ 

cu 

f-H 

q 

oo 

OJ 

s 

< 


"S 

a> 


o 

S 

'U 

J2 

bO 


<u 


Td 


Td 

C 

■ nH 

C-> 

i- 1 

i-l 


C/5 

; — | 

i 

Q 

'a; 

> 

o 

■i-H 

a 

S 

■i-H 

C/5 

-l-H 

r£d 



Propulsion-Controlled Aircraft 


■ 












L I 






(/) 



ht Research Center 


MD-11 PC A System 



NASA Dryden Flight Research center 







PC A Project 


Li 


K 

K 

>> 

S 

o 

s 

■|«N 

so 

S 


£ 

cd 

O 

&0 

£ 

■p— i 

T3 

£ 

r£d 

OJ 


cu 

■i— < 

cd 

J-H 
■M 

CO 

£ 

o 

a 

a> 

Td 

CO 

cd 

> 4««J 

;> 05 

< g 

u ■£ 

Dh 


£ 

+-j 

K 

O 

sj 

r O 


LD 


G1 

CM 

■i—' 

CO 

a 

a 


o 

■i—' 

CL> 

3 

P 

o 

Td 

5— i 

0 
O 

1 


QJ 

ft 

O co 

§ a 

v S 

co^ 
be >> 

a 

fc 

o 


Td 

d 

cd 


o» 

ft 

o 

CJ 

c/b 

hJ 

I— I 

OJ 


<5> 

•5 

s 

s 

Eh 

cu 

> 

0> 


Td 

c5 g 

?h cd 
to co 
£ < 

Q d 


a 

QJ 

Td 

o 

4-J 1 

"S 

cu 

§ 

■i-H 

£ 

O 

u 


o 

QO 

m 

■*s 

O 

O 

o 

o 

m 


£ 

a ° 

a § 

?h 5 
bJD 

O ft 
in X 
ft <L> 


Li 



EC95 43355-1 EC95 43247-1 


MD-11 PCA Flight Test Envelope 


3 

S 



Dryoen Flight Research Center 



MD-11 PCA ILS-Coupled 
Hands-Off Landing 

28° Flaps, winds 260° at 6 kts, 
no turbulence 



Time, 





y v ^ v 

O o o « 

</> ■q.Q- £ 

. <0 ^ 


o 


MD-11 Simulation, PCA ILS-Coupled Landing Dispersion 

Hands-off landings, range of weather, weight, and CG, 100 landings 
28° Flaps, Two-step autoflare at 130 and 30 ft 



<0 > 

E > 

® 03 

(/)»-</) 
>, CD C 

</) > O 

O ^ T3 
r D)r 

o 

*0-0 o 

.. ® c«5- 
<0 Q. 03 O 

C 3 “ 0 ) 
.2o®ai 
0) O (Q c 

o c 2 — 
Q< E £ 


V \ \ V \ 

v* va n n 



CO 





o 



o 

O' 



in 

o 

o 

CM 


CD 




CO 



o 


CL 




(/) 

d) 





E 


E 

x 

03 



Roll 

parameter, 

Differential thrust x moment arm x sweep factor 
length x span x weight 



Simulation Flight 


CD 


CO 

■II 
0 
TD 

tl 

CD 


O 

CO 


E 

CD 

0 

> 

_CD 

0 


^ ~o 
0 0 

~ | £ w 

o € | o 

S 8. 2 

W C i 3 

2 03 ■$ TO 
CD — i 

O -Q c £ 

O to ° § 
|_ CO 


CD 

© 

CQ 

£ 

LL 

E 

o 


■a 

0) 

£ 

o 

s_ 

O 

CD 






PC A in Commercial Fleet.. 




Lr 


cd 

s 


C/3 

cd 


tP 

d 

iS 

j>> 

<4-h 

cd 

C/3 


C/3 

O 

fH 


d 

o 

CJ 


O cd 

^ r C> 

[3 pd 
'u -d 

id £ 

d cy 
cj cd 


cj 

fH 

■i— I 

cd 


^ £ 

< Cd 

U Td 
Ph qj 

<D 3 
S 

2 w 


cd 


C/3 

d 

O _ 

5 3 f 

*- E3 

6 TP 

H QJ 


a 

o 

TP 

CJ 

tp 

cd 

o 

C/3 

cd 


CJ 

fH 

cd 


cd 


C/3 

d 

O 


<4-h 

cd 

Jh 

tp 


d 

oj 8 

5 ^H 

o 

>> 

■M 

OJ 

■ i-H 

Jh 

cd 

> 

OJ 

TP 


cd 
cj 
? o 

A—> 

<4—1 C/3 

O 

C/3 |j 

■M C/3 

C/3 nj 

d ?h 

w 1 OJ 

■§, I 

•« >; 

* I 

cd 1/5 

d 
o 

- d d 
^d cd 
d -m 
T o cd 

cd S 
_ dn 
O CJ 

£ P* 


CJ 


C/3 


a 

C/3 

d 

fH 

■p— I 

< 

d 

d 

cd 

bO 

d 

■i— i 

a> 

o 

PQ 

3 

PH 

Q 

o 

Q 

OJ 

d 


cd 


C\l 


d 

cj 


cj 

■M 1 

QJ 

oj 

bJD 

cd 

a 

cd 

d 

d 

■pH 

CJ 

■i-H 

1 

d 

jq 

4-h 

O 

C/3 

C/3 

o 

aT 

5— i 

^d 

% ^ 
d ^ 


rvi 

m 


cd 

-i-H 

C/) 

<+H 

O 


OJ 

-M 

CO 

>> 

CO 

O 


& O 

OJ CJ 

■pH I r, 

f-H R 

cd 

> 


£ <= 


C/3 

d 

o 


cd 

5— i 

d 

■M 1 

CJ 

d 

5h 


2 . 

S <4-H on 

CJ 

cj c/3 , 

Q 33 


O- 

■M 

<4-H 

cd 

f-H 

cj 

J-H 

■pH 

cd 

cd 


d 


-i-H 

o 

fH 

TP 

■M 

■pH 

w 

o 

o» 

CJ 

■pH 

■M 

s 


cd 

■ nH 

cd 

d 

CJ 

4-H 

id 

CJ 

s 

■pH 

■M 

pd 

■M 

CJ 

CJ 

■M 

> 

CJ 

cd 

CJ 

<4-1 

CJ 

< 

O 

■M 

cd 

rj 

U 

■M 

Ph 

C/3 

o 

d 

■ i-H 

■M 

U 

Tj 

d 

TP 

F c3 

■pH 


■i-H 

■M 

■M 

TP 

d 

C/3 

O 


d 

■M 

o 

Ph 

TP 

d 

I-H 1 


C/3 

s 

CJ 

■M c/3 
C/3 5h 
>> CJ 
C/3 £h 

4__p d 

id tj 

O cd 

d ^ 

£ 5 

^ cd 

£ a 

Cd CJ 

"S 9 

id 

■pH <4—1 
f-H 
■pH 

cd 
PP 


C/3 

CJ 

d 

C/3 

C/3 

■ i-H 

>> 


cd 


d 

o» 

■M 1 

o 

Ph 


CD 

O 

O 

CM 

V 3 

O 

C/3 

o 

a 7 

f-H 

d 

■i— 1 1 

d 

<L» 

> 

fH 

■rH 

< 


CD 

O 

O 

CM 

CD 

CM 

>> 

i— H 

d 


on 


FaU 2005: PCAR Project 


Li 


< 

u 

Ph 

■M 

O 

bp 

£ 

■ i-H 

pQ 


oj 

oj 

Ew 

4— > 

oj 

Jh 

2 

u 



< 

U 

a 

oj 

-i— » 

cd 

txO 

oj 


CO 

-M 

OJ 

a 

X 

OJ 

>> 

Jh 

-M 

CO 

"d 


bJD 

0 
bJD 

1 

p 

O 

bp C/3 


£ 

2 

5-h 

O 


5— i 

o 

<4-1 

<4-1 

W 


u 

o 

H 


>> 


Jh 


OJ 


> 


o 


u 


OJ 




X3 




cd 


>> 


-M 

. i 


* 

■i-H 

1^ 

rQ 

i_n 

r£d 


o 

l 

PQ 


■i— > 

4— ' 

cd 

o 


u 

O 

■i— > 

O 

<4-h 

p— H 

cd 



cd 

u 

■p-H 

< 

-M 

■a 

l—l 


on 

on 


July 26 2006 AirVenture, Oshkosh 2006 


PCAR Background - TOC 


Lr 


fn 

O 

<4-H 

<4-h 

CJ 

< 

< 

£ 

ft 

< 

on 

ft 

Q 

-i-H 

o 


co 

OJ 

J-H 

■§ 

OJ 

u 

O 

fH 

ft 


OJ 


cd 

f2 

o 

o 


C/3 

C/f 

5h 
OJ 

^ > 

5-h ^ 

CU ^ 

ft Pi 


o 

o 


o 

ft 

cd 


cd 

a 

OJ 

C/3 

cd 

> 

oj 


C/3 fn 
*-> cd 
O CJ 

n « 

OJ "g 
ft ft 

> £ 

o 

1 

ft 


o» 

a> 

ft 

F c3 


CJ 

u a5 

s a 

go d 

OJ 


o 

CJ 


w> g> <2 


ft C/3 
C/3 CJ 

■pH 

X 
0/ 


& 

*— 1 ’ _ -i—l 

O 

fH ^ ft 

■F— I r, HH 

oj ft U 

ft ^ 


I 

ft 

£ 

cd 

< 

on 

< 

£ 


o 

* 

C/3 

fH 


<4-1 

Cd 

fH 

CJ 

fH 

■i—l 

cd 

o 

O 


CJ CM 

ft ^ 

■ft LT3 

bs 

ft 
cj 


"ft 

ft 

cd 

C/3 


CJ 

ft 

4 —> 

fH 

o 

<4-1 


o 

fH 

■M 

ft _ 
o ° 
u ° 

W CM 
>> IN, 

ft K 

0 

1 CJ 
C/3 ft 
CJ ^ 

'ft ft 
■M o 


C/3 

ft 

cj 

O 

4 h 


H 

be 

S PI 

ft a 

a s 

gj u 

£ i 


ft 

bJD 


ft 

ft 

cd 

ft 

0 

■i pH 
■M 

r£d 

1 

■pH 

CO 


m 


July 26 2006 AirVenture, Oshkosh 2006 


PCAR Background - TOC 


ID 

m 


Lr 


i_n 


oj 

1 

Jh 

O 

> 

cd 

< 4 -h 

f-H 

0> 

> 

C/3 

■ i-H 

O 

O 

rg 


^ 3 LT3 


oj 

pp 

■M 

P 

O 




o 

1/3 

H-J 

pP 

bJD 


U 

o rt 
H H 

<4-h 

o 


p 

o 

u 

o 

H 


cd 

,P 


OJ 


C/3 

5h 

P 

eg * ^ 

<U P 73 

>; -3 p 

C/3 -P 

U pj fH 
OJ a 3 

sa 

QJ ^ O 

u o w 

■M 4h C/3 

cd ^ +-; 
^ CD P 


LT3 

1^ 

f-H 

O 

Pin 

C/3 

be 

p 

■ nH 

id 

a 

■ i-H 

Ph 


o 

5— i 
H— ' 

Ph 

O 

CJ 

■M 

C/3 


H-n U 

o P 

,M 5 
1/ . 

> a 

■^H 

C/3 l> 

p o 
o ^ 

Ph £ 
C/3 o 

a «s 

>> ii 

5h h-' 

qj 73 

> S 

/3 ,£3 

■i— l -l — 1 

5h < 

CJ 

H . 


T3 

C .M 

S § 

a; H 

T3 rP 

H — 1 

pQ 73 

a a 

T3 

$ J* 

^h-h 
“ bJD 
11 p 

73 ^ 

a e 

p J2 


OJ 

5-h 


(D CU 

y P 

P ^ 


T3 

a; 

(P 


cd 

> 

w 


C/3 

a» 

Ph 


.2 < 

■I— ' 

■ pH 

P I 


be 

P 

■f-H 

J-H 

2 

Q 

i 


Jh 


C/3 

?H 

■ i-H 

Jh 

■ nH 

OJ 

pP 

■M 

P 

0 

C/3 

PO 

p 

■ nH 

"p 

P 

r£d 

a» 

1 

£ 

> 

fH 

P 

C/3 

7d 

CU 

■M 

CJ 

£ 

p 

O 

u 

C/3 


OJ 

CJ 

■^H 

-M 

CJ 

cd 

Jh 

a 

qJ 

u 

■^H 

-M 

CJ 

cd 

J-H 

a 

oJ 

u 

■^H 

-M 

CJ 

cd 

Jh 

a 

i 

CO 

a g 

hP OJ 

o & 

S H 

s 


p 

■p p 

Mh cd 


OJ 

'Z 


OJ 

<4-1 


cd 

0J 

Sh 


C^-H 

o 

OJ 
5h 
Cd p 

C/3 ^ 


C/3 

P 


u 

o 

H 

"cd 

OJ 

p 

OJ 

be 

7d 

p 

cd 

7d 

o» 

OJ 

ft 

C/3 


bC 

P 

■i— i 

pP 

C /3 

■ i— i 

'S 

H — > 
C /3 
CU 

Jh 

O 

O-H 

o 

o 

H — > 

QJ 


'S 

"cd 

> 


be 

P 


f-H 

CU 

> 

p 

C /3 CU 

1 — 1 P 

> s 


CD 

O 

O 

CM 

r^l 

CO 

O 

CO 

o 

0 J 

S 

■M 

OJ 

> 

■ i-H 

< 


co 

o 

o 

r\i 

CO 

CM 

>> 

i— H 

C3 


PCAR Background - TOC 


CD 

m 


LT 


p 

CJ 


C/3 

■I—' 

■^H 

a 

OJ 

^ .3 
■SP 'S 

r-l P 

rd 


QD 

O 

>h 

Pin 

<4-h 

O 

"S 

P 

CU 

2^ 


<4-1 

O 

C/3 
5— i 

P 

o 

pp 

oj 

5h 

O 


LD 

c/T 

P 

0 

■i-H 

-M 

r£d 

1 


<4-h 

O 

C/3 
5— i 

P 

o 

pp 


QJ 
C /3 

cd 

2P 

Ph 

pP o 

c /3 on 

■i— i 

.S ■ 

Ph 


CO 

a j 

■M 

i_n 

hJ 

>> 

pD 

"p 

CJ 

■I-H 

cd 

"cd 

> 

oj 


C/3 (73 


P4 

CJ 

OJ 

pp 

cj 

U 

O 

H 


OJ 

C/3 

cd 

2P 

Ph 

Jh 

cu 

■M 

p 

W 


C/3 

a 

fH 

O 

<4-h 

H-h 

pCd 

Ph 

o 

0M 

on 

< 

|C 

co 

N. 

iC 

1^ 

1^ 

P 

o 

p 

o 

■rH 

-M 

cd 

bD 

■^H 

■M 

CO 

OJ 

§ 

■ nH 

U 

0 

H 

Td 

P 

CJ 

■M 

X 

w 

1 


C/3 

■pH 

cj 

a s 

Ph U 

U 

o 

H 

CJ 

■M 

cd 

5h 
CJ 

p 

OJ 
bJD 


OJ 

> 

CJ 

Td 

u 

O 

H 

5h 

OJ 

pP 

■I—' 

5h 

*H 

O 


Jh 

o 

■M 

p£d 

Ph 

OJ 

4—> 

cd 

X3 

■f-H 

X3 

P 

cd 

u 

OJ 

p 


*H 

OJ 

■M 

OJ 

Q 

i 


CO 

■M 

rP 

bC 

■^H 

EP 

CM 

d 

0 

■i-H 

■M 

p£d 

1 

■^H 

C/3 

C/3 

5h 

P 

0 
pP 

o 

i_n 

Td 

P 

OJ 

Ph 

C/3 

1 


July 26 2006 AirVenture, Oshkosh 2006 


PCAR Summary 


m 


Lr 


o» 

cu 

13 

■ rH 

cj 

ft 


s 

o 

cj 

QJ 

A 


bJD 

O 

d 

cj 

cu 

■ft 

d 

<j 

> 

o 

ft 

ft 

ft 

aj 


be 

d 

■i— i 

ft 

O 

£ 


2 
■ rH 

U 

-M 

aj 

aJ 

u 

bo 

■ rH 

cd 

<+H 

CJ 

ft 

a 

cd 

cj 

X3 

pft 

cf 

C/3 

■ i— I 

« 

0J 

ft 1 

-M 

CO 

C/3 

>> 

d 

CO 

Ph 



O 

ft 1 

■M 

CJ 


> 

o 

■i— 1 

u 

C/3 


2 

"cd 

ft 

O 

J-H 

-M 

ft 

u 

ft 

2 

bJO 

J-H 

-M 

C/D 

d 


■ rH 

C/5 

0J 


■rH 

^4-H 

cd 

cd 

<HH 


CHH 

u 

O 

■ ^H 

■M 

cd 

CJ 

d 

0J 

cd 

rt 

bo 

0J 

o. 


o 

ft 

ft 

O 

u 


oj 

d 

d 

■rH 

CD 


u 

Jh 

■ rH 

cd 

13 


ft 

2 

o 

o 

ft 

c/3 

CU 


<ft 

cd 

ft 

CJ 

ft 

■ i — i 

cd 

ft 

cu 


a 


ft 

ft O 

<4-i cd 

cd 


o 

"6 

d 

cd 




C/3 
C/3 
CJ 0-1 

^ > 


2 

ft 

cd 

cu 

pft 

d 


ft g 
ft O 

u < 

o s 

H ft 


bJD </) 

O £ 

O ;d 
d 
,d 

CJ 

cu 

ft 

CJ 

,d 


■d >> 
bo C/3 
d ^ 
d (X) 


£ 


C/3 


ft 


O 

O 


> 

o 

d 

aj 


ft 

O 

ft .y 
ft js 
d 

C/3 


CJ 

a-l 

d 

o 


C/3 

ft 
d 
o 

ft _ 

be ^ 


>> 

CJ 

cd 

CJ 

O 

> 

d 

cd 

d 

o 


< 

i_n 


ft CM 

cd cn 


CM 


d 
d 

cd oc 


ft 

2 


CM 


3 


r- 

>> 

bJ 3 

O 


ft U 
aj <u 


u 

O 

H 

< 

u 

Ph 

ft 


cd ^ 

C /3 CO 

QJ C/3 

C /3 S 

cd <v 

ft JD 

CJ 


a> 

§ 

J3 


CJ ft 

d 

d 
cd 


d 

o 

cj 

a» 

ft 

o 


& 

cO 


O 

ffi 


July 26 2006 AirVenture, Oshkosh 2006 


Any Questions? 


00 

m 


July 26 2006 AirVenture, Oshkosh 2006 


